Purpose An emerging body of work suggests a link between childhood maltreatment and attention-deficit hyperactivity disorder (ADHD). However, research examining the role of maltreatment in the early course of the disorder lacks robust evidence from longitudinal studies. Our aim was to examine concurrent and prospective associations between maltreatment experiences and ADHD diagnosis and sex differences, and to estimate the association between repetitive maltreatment exposure and ADHD through childhood and adolescence. Methods Data were obtained from the Boricua Youth Study, a longitudinal study of 2480 children and adolescents of Puerto Rican background. Neglect, physical, emotional and sexual abuse, and foster placement were regressed on ADHD diagnosis measured at each of three waves using the Diagnostic Interview Schedule for Children-IV. Multilevel regressions estimated the effects of exposure on ADHD, adjusted by age, sex, income, household education, parental psychopathology, comorbidity and ADHD medication status. Results Emotional abuse and foster placement had robust associations with ADHD diagnosis. For girls, physical abuse had a threefold increase in the odds of having ADHD diagnosis; for boys, associations were observed only for emotional abuse. Prospective models examining the risk of ADHD following maltreatment provided initial evidence for the effects of physical abuse on ADHD, and a linear trend for repetitive exposure suggested increased probability for disorder persistence. Conclusions Associations between early maltreatment and ADHD were robust. Different categories of maltreatment increase the likelihood of ADHD for girls and boys. Increased exposure to maltreatment may predict symptom persistence. Interventions addressing ADHD must consider the effects of both sex and family environment.
Introduction
Childhood maltreatment, including physical and sexual abuse and neglect, is a common risk factor associated with long-term psychiatric morbidity and mortality. In 2014 alone, 6.6 million children in the USA were involved in referrals for alleged maltreatment [1] , including 702,000 victims of child abuse and neglect and 1580 fatalities. Psychiatric morbidity attributed to early maltreatment is extensive, including associations with mood [2] , personality [3] and substance use disorders [4] . Children exposed to repetitive traumatic events are also at risk for developing anxiety disorders and PTSD [5] . There is also an emerging body of work linking experiences of childhood maltreatment with attention deficit/hyperactivity disorder (ADHD) [6] [7] [8] [9] .
ADHD is a disorder with childhood onset (< 12 years), characterized by dimensions of both hyperactivity/impulsivity and inattentiveness. ADHD is a highly heritable disorder relative to other forms of psychiatric morbidity [10] . It is also one of the most prevalent psychiatric disorders in children and adolescents, ranging from 2 to 7.1%, based on global meta-analytic rates [11, 12] . Whilst the importance of the role of parenting and family factors in the development of mental health problems is widely accepted, there remains a lack of clarity regarding the role of early trauma and abuse in the early progression of ADHD. Several lines of evidence point to a potential link between maltreatment and ADHD.
First, studies examining the relationship between ADHD, maltreatment and childhood adversity have reported significant associations with physical abuse [6, 7, 13, 14] , sexual abuse [7, [15] [16] [17] and with neglect [15] . For instance, Ouyang et al. [15] reported that ADHD was associated with neglect and sexual abuse in a sample of 14,322 participants in the National Longitudinal Study of Adolescent Health. Another large-scale study reported associations with physical abuse, albeit with a combined category including ADHD coexisting with conduct and oppositional defiant disorders (CD/ODD) [14] . Smaller cross-sectional studies have also reported associations between both physical and sexual abuse and ADHD [16, 18] . Furthermore, adolescents who had experienced parental divorce, marital disruption and physical abuse combined had an increase likelihood of ADHD diagnosis by 15 times, compared to non-abused adolescents [6] .
More recent population-based studies indicate a more robust association. A study of 23,000 Canadian men and women reported that about 41% of those who were physically maltreated were more likely to have clinical symptoms of ADHD [7] . Additionally, researchers using population-based Swedish registers analysed data from 18, 168 adult twins (20-46 years) , comparing ratings of a general category of child maltreatment and self-reported ADHD symptoms. Their twin study design allowed to account for family-level confounding, and reported that child maltreatment including physical and sexual abuse, neglect and witnessing family violence significantly predicted ADHD symptoms in adulthood [9] .
Lack of associations between early maltreatment and ADHD have also been reported [19, 20] . Recently, researchers using the Environmental-Risk study data [21] reported associations between a combined category comprising various forms of abuse with neglect in childhood through young adulthood [22] . However, after accounting for environmental and genetic confounding, associations with abuse/neglect remained, but were concentrated only amongst those with comorbid CD. This suggested an adverse environmental role in behavioural aspects rather than in actual ADHD symptoms. Inconsistent findings may be explained by several limitations in the existing evidence base. The majority of these studies have adopted cross-sectional designs [6, 8, 20] , used screening tools to assess ADHD rather than clinical diagnosis [7] [8] [9] 15] and conflated ADHD with other disruptive disorders, such as CD [14, 18, 23, 24] , precluding the ability to isolate the direct effects of maltreatment on ADHD. Moreover, these have often failed to account for common confounding factors, such as comorbidity and parental psychopathology [24, 25] .
Second, early trauma is known to be associated with alterations in cognitive processes implicated in ADHD, including dysfunctional biases in the allocation of attention [26] , deficits in reward processing and in executive function [27] . Disruption in the ability to self-regulate is thought to be a central mechanism in the pathway between early maltreatment and persistent psychiatric symptoms [28] . This is consistent with anatomical and functional alterations in brain regions (e.g. anterior cingulate and dorsolateral pre-frontal cortexes) identified in individuals exposed to trauma [29] , and also in individuals with ADHD [30] . In addition, posttraumatic stress disorder (PTSD) that may occur in response to intense traumatic experiences is prevalent amongst victims of child abuse [5] and is also comorbid with ADHD [31] . For example, a study of Iraqi children whose parents have PTSD shows overlapping ADHD and PTSD symptoms, which the authors argue may not reflect true comorbidity [32] . PTSD symptoms of hyperarousal and cognitive impairment amongst maltreated children may overlap with, or confound the inattention, hyperactivity and emotional symptoms of ADHD [31] .
Some important sex differences have been reported across existing studies. Childhood sexual and physical abuse were robustly associated with an increased likelihood of reporting a diagnosis of ADHD [7] . Nevertheless, for women but not men, exposure to parental domestic violence was also 1 3 independently associated with ADHD. Girls with ADHD also presented with significantly higher scores for emotional and sexual abuse than those without ADHD [17] . It is generally understood that the symptom profile and trajectory of ADHD differs by sex [33] , as well as the vulnerability to various types of maltreatment events [34] . For instance, girls were reportedly more susceptible and exhibited more severe ADHD symptoms than boys when exposed to both domestic violence and victimisation [35] . Differential psychiatric correlates by sex have been reported for children in care, with boys having higher rates of ADHD, but girls being more prone to also developing PTSD [36] . Sex differences have been also observed in functional connectivity and inhibitory control upon exposure to child maltreatment [37] . Examining the potential impact of sex on the relationship between early maltreatment and ADHD through longitudinal studies may help elucidate the differential mechanisms for males and females that may be relevant for intervention.
Therefore, despite an existing body of work investigating the association between childhood maltreatment and ADHD, robust evidence from longitudinal studies during childhood and adolescence is limited. In the present study we sought to address the limitations of previous studies. Specifically, we used a unique three-wave longitudinal design, with participants fully characterized by a formal clinical diagnosis. Furthermore, we were able to investigate the impact of maltreatment exclusively on ADHD, with sufficient power to stratify analyses by sex, ensuring that relevant family-level factors, timing of maltreatment experience, psychiatric comorbidity and medication status were taken into account.
Our guiding hypothesis for this study is that childhood maltreatment experiences and adversity (including physical, emotional, sexual abuse, neglect and being taken to foster care) will be significantly associated with ADHD diagnosis after accounting for contextual and comorbidity factors. We aimed to address four main questions. First, are childhood maltreatment and adversity experiences directly associated with ADHD diagnosis, generally and/or stratified by sex? Second, do family-level and/or psychiatric covariates explain any associations found? Third, is there evidence of a prospective link between maltreatment and ADHD? Finally, is there evidence of a linear trend between exposure to maltreatment events and ADHD persistence across waves?
Methods

Participants and procedures
The sample was drawn from the Boricua Youth Study (BYS), the full details of which have been described elsewhere [38] . In brief, 2491 Latino male and female children ages 5-13 years and their caretakers were interviewed at two sites, the South Bronx in New York city (n = 1138) and in the standard metropolitan areas (SMA) of Puerto Rico (n = 1353). Both samples were multi-stage probability community samples, weighted to represent their target populations. Data were collected in three annual waves between 2000 and 2004, mostly spanning a 3-year period (2001) (2002) (2003) (2004) ).
An eligible household had to include a child age 5-13 years and a parent/caretaker at baseline, both selfidentifying as of Puerto Rican background. Child/adult interviews were conducted simultaneously but separately by two interviewers, at participants' homes, using computerized versions of instruments. The IRB of the New York State Psychiatric Institute and the University of Puerto Rico School of Medicine approved all procedures; informed consent was obtained.
For this study, we selected all of the youth from the original study who had completed at least one of the assessments (both youth and caretaker) on ADHD at any of the three waves (Table 1 ). This represented a total of 2480 young persons. The interviews at the first wave (baseline, T1) took place when participants were aged between 5 and 13 years; the last follow-up (T3) was at ages 7 through 15 years. The follow-up interviews occurred annually for two consecutive years.
Measures
The measures were culturally validated for Puerto Rican children and families. Specifically, the Diagnostic Interview Schedule for Children-IV is available in both English and Spanish. The remainder of the questionnaires were translated from English to Spanish, back-translated, and culturally adapted following a model that considers the semantic, content, technical, criterion and conceptual equivalence of cross-language versions of an instrument to ensure that they were equivalent to the original [39] .
Maltreatment
Neglect, physical abuse and emotional abuse
The Parental Discipline Practices Scale [40] was used to collect data on these three types of abuse. For the purpose of the present research, we only used children's report. This includes eight items in a four-point scale that asks about parent use of each of six forms of non-physical discipline and two forms of physical punishment. Alphas for nonphysical discipline and physical punishment and abuse range from 0.70 to 0.76 [38, 40] .
Sexual abuse
The sexual victimization measure from Finkelhor and Dziuba-Leatherman [41] was used to collect data about sexual abuse. This includes six screener queries about sexual abuse/ assault that are answered yes/no. Sexual incidents defined as completed include serious noncontact incidents (perpetrator touching a child in a sexual way, but without contact to private parts) and contact incidents. These data were collected from children's report, as indicated in [41] .
Ever been in foster placement was one of the very few variables in the study that was not measured across waves.
Attention deficit/hyperactivity disorder (ADHD)
A diagnosis of ADHD in the child was established using the parent/caretaker's report on the Diagnostic Interview Schedule for Children IV (DISC-IV) [42] , on each wave. Diagnosis was determined when symptom criteria and one DISC-IV diagnosis-specific impairment and age of onset criteria were met.
We examined whether children and adolescents in our sample who consistently reported maltreatment across waves had an increased likelihood of persisting with an ADHD diagnosis by the end point of the study (i.e. linear trend). To address this, groups of persistent ADHD and in remission were created on the basis of the frequency of positive diagnosis on each wave. Specifically, children were classified as "persistent" if they had more than one positive ADHD classification and their diagnostic status at the end point (T3) was positive. Those classified "in remission" had only one positive classification and did not meet ADHD criteria at the end point (T3). Children without diagnosis on the three waves were classified as non-ADHD cases. Children with diagnosis only at the end point (T3) were excluded for this section of the analyses (n = 32), as there was no way to assess whether they would persist based on only one assessment. 
Demographic characteristics and covariates
Data on demographic characteristics including child age and sex, and indicators of family socioeconomic status and parental education (parent's highest academic grade) were collected. The DISC-IV was also used to establish PTSD and CD diagnostic categories on each wave. The rates of depression and anxiety disorders were very low at T1, therefore not included as covariates. Parental psychopathology was assessed via the Family History Screen for Epidemiologic Studies (FHE) that screens for 15 DSM-based diagnoses, including depression and mood, anxiety disorders, substance misuse and antisocial personality traits [43] . The BYS used the following question to assess medication use for ADHD in the past year: "Taken any medication in past year for being overactive or trouble paying attention?". A follow-up question queried the specific name of the medication and these were used to classify those who were taking medication in the past year.
Analytical strategy
All maltreatment categories (except foster placement) and ADHD were assessed on each wave. Therefore, all logistic regression models were multilevel, accounting for the dependence of data collected longitudinally by modeling the repeated measurement within the same individual as random effects. To estimate the effects of exposures on ADHD over the entire study period regardless of time point, we included time as a covariate on all models. The logistic regression mixed models therefore provided a single odds ratio (OR) estimate (as the measure of effect size), confidence intervals (CI) and significance values of the relationship between early maltreatment and ADHD over the course of the study.
ADHD diagnosis was regressed on each of the maltreatment categories individually. Study site (New York, San Juan) was included as a design covariate on all models to account for potential differences. Analyses examining the effects of early maltreatment and foster placement were then adjusted for age, sex, income, household education, any parental psychopathology and whether youths had received medication for ADHD (time varying). To examine their independent contribution to ADHD, all significant types of maltreatment/foster placement were also modeled simultaneously. All maltreatment × sex and maltreatment × wave interactions were fitted on adjusted models.
To estimate the extent to which any association between early maltreatment and family adversity is accounted for by comorbidity, models for ADHD regressed on significant exposures were fitted including PTSD and CD as covariates.
To investigate a prospective association between maltreatment types and ADHD, we fitted models using time-lagged (T − 1) measures of all maltreatment variables following the previously described steps for including covariates and confounders. These models do not include observations for ADHD diagnosis on T1 (i.e. time lagged). Lastly, we regressed the ADHD persistence groups (no ADHD, in remission, persistent ADHD) on a variable, combining any exposure to maltreatment on each time point, with a range of 0-3. We used ordered logit regressions after establishing the proportionality of odds based on likelihood ratio test (p > 0.05).
Our weighted analyses adjust for differences in the probability of selection, correct standard errors and match the sample to the 2000 Census in terms of age and sex distributions. All analyses were performed using Stata 14.
Results
A total of 2480 children and adolescents were interviewed on the first wave of the BYS (Table 1) . Of these, there were 1279 (50.9%) males and 1201 (49.1%) females. Out of the whole sample, 2176 participants completed the third wave for a retention rate of 88%. Further demographic characteristics of this sample have been published elsewhere [38] .
Concurrent associations between early maltreatment, foster placement and ADHD
Emotional abuse, physical abuse and foster placement were significantly associated with ADHD diagnosis across waves (Table 2) . Physical abuse was not associated with ADHD after accounting for covariates. Emotional abuse and foster placement remained significant with robust associations after adjustments were made for all demographics, any parental psychopathology and ADHD medication. 
Differential associations by sex
The weighted prevalence of ADHD on wave 1 for boys was 10.2% and for girls 4.8%. Amongst boys, only emotional abuse was related to ADHD across waves, albeit with large effect sizes ( Table 2 ). In girls, ADHD was associated with physical abuse with a threefold increase in the odds. There was a trend for an association with emotional abuse amongst girls (p < 0.10), but this did not reach statistical significance.
Role of comorbidity
All previously significant multivariate models for the association of maltreatment with ADHD were adjusted for time-varying diagnoses of PTSD and CD (Table 3 ). The effects of both emotional abuse and foster placement were significant after adjusting for this mental health condition on the sample as a whole, on emotional abuse for males and physical abuse for females. 
Increased maltreatment exposure and ADHD persistence
To examine the presence of a linear trend from increased exposure to maltreatment across waves, we regressed ADHD diagnostic status (no ADHD, in remission, persistent ADHD) on the number of maltreatment exposures (range 0-3). The proportional odds assumption was met for this analysis, providing confidence in interpreting results from ordinal model outcomes. We found that for each additional wave with a physical or emotional abuse event, the odds of having ADHD, and of having persistent ADHD symp- 
Discussion
This longitudinal study examined the relationship between early maltreatment and ADHD, addressing the following questions: whether maltreatment and adverse experiences are directly associated with ADHD diagnosis in general and according to sex; whether the reported associations are explained by family and psychiatric covariates; if there is a prospective link between maltreatment and ADHD; and, if there is a linear trend between increased exposure to maltreatment and ADHD persistence across time. Our results show maltreatment and adverse experiences including emotional abuse, physical abuse and foster placement were significantly associated with ADHD diagnosis. Across the total sample, emotional abuse and having been in foster placement had robust associations with ADHD diagnosis across waves. Subgroup analyses by sex revealed that for girls, physical abuse had a threefold increase in the odds of having ADHD diagnosis. Amongst boys, associations were observed only for emotional abuse. The associations between maltreatment experiences and ADHD were not accounted for by demographic and family-level factors, parental psychopathology, psychiatric comorbidity or time-dependent ADHD medication status. Prospective models examining the risk of ADHD following maltreatment provided some evidence for an effect of physical abuse on ADHD, with a linear trend between exposure to maltreatment and increased probability for ADHD diagnosis and its persistence.
Associations with maltreatment: emotional and physical abuse
The association between emotional abuse and ADHD is a novel finding at the population level. Very few studies have reported associations of ADHD with emotional abuse. These associations were robust for the total sample, but particularly amongst boys. The measure used specifically captures negative evaluations from their parents, demeaning attitudes and perceived threat, which is consistent with recent findings in which parents' negative expressed emotion about their children predicted a persistent ADHD trajectory [44] . Nevertheless, findings on parental expressed emotion and hostility in relation with ADHD are mixed, with reports of negative findings [45] ; others have found that children's ADHD may precede [46] or evoke [47] parental hostility. Parents of children with ADHD report high levels of parenting-related stress [16] , which in turn may contribute to maltreatment of their children. The majority of prior studies have focused on physical abuse [6, 7, 18, 20] , whilst our total sample estimates for physical abuse were marginal and better explained by covariates. Nevertheless, sex-stratified analyses show strong associations between physical abuse and ADHD for girls, consistent with previous studies [7, 20] . Our findings did not show associations for neglect or for sexual abuse, contrasting with other reports [7, 15, 16, 48] . Discrepancies between our findings and those of previous studies might be explained by the use of ADHD self-rating symptom scales across previous studies [7, 15, 23] . In addition, our study used reports of maltreatment obtained directly from interviews with children, as opposed to parent-reported maltreatment, or official records. Studies addressing maltreatment tend to overestimate the impact of each type of abuse on psychiatric symptoms by not taking their correlation into consideration, thereby not fitting all these exposures simultaneously [14] .
We also found evidence of a prospective link between maltreatment and ADHD, as well as a linear trend between maltreatment and ADHD persistence. Because ADHD was assessed at each consecutive year, our results from mixed models indicate that maltreatment may be linked with persistence of ADHD diagnosis. Further, our linear trend results lend support to the role of increased abuse exposure on ADHD symptom persistence. Reports of physical abuse preceded diagnosis in prospective models, suggesting abuse may have operated as a risk factor for exacerbating ADHD. This effect from cross-lagged models was not observed for other forms of maltreatment or adversity. Further studies are necessary to better understand the neural mechanisms that correlate with ADHD symptoms following exposure to abuse, and any causative role from child maltreatment, as has been recently suggested [9] .
Potential mechanisms explaining ADHDmaltreatment associations
One plausible mechanism for the prospective relation between maltreatment and ADHD considers the potential influence of parental or caretaker's behaviour on the course of symptoms. Self-regulation is a key component of ADHD, as part of the executive dysfunction that characterizes the disorder [49, 50] , and maladaptive parenting and abuse can disrupt the child's ability to regulate themselves [51] . Disruptions in self-regulation may be at the core of the link between early maltreatment and psychiatric symptoms [26, 27] . Parental behaviour may also interact with early symptom onset and in turn reinforce problem behaviours in children, via poor supervision, reactiveness and inconsistent rule setting. Further, both parental behaviours [52] and physical abuse [53] have been shown to moderate genetic vulnerability for ADHD. Meanwhile, low maternal warmth [54] and frequent parental criticism [44] have been recently related with a worse ADHD symptom trajectory.
Evidence to date suggests that the relationship between ADHD and childhood maltreatment may be bi-directional; maltreatment and neglect may have a possible etiologic and exacerbating role in ADHD, but persistent problem behaviours in children with ADHD may also increase the risk of maltreatment for them. Our most robust findings using all data indicated longitudinal associations between emotional abuse and ADHD, based on mixed models. Because these observations were taken within a very narrow period of three consecutive years, it is likely that these results captured reciprocal effects between maltreatment and ADHD symptoms, and may be better understood in the context of research on bidirectional influences. Studies examining bi-directional influences to date have focused on callous, unemotional traits [55, 56] and conduct problems [56, 57] in children, and emerging personality disorder in adolescents [58] . Nonetheless, methodological issues have been raised recently in study of boys reporting lack of effects between parenting and children's externalizing behaviours [59] . Discrepancy in findings may reflect differences in methods used to estimate these complex directional relationships, such as cross-lagged models [56, 59] or generalized estimating equations [57] . Further research examining cross-lagged associations that focuses specifically on ADHD through childhood is warranted.
Sex differences
We found differential associations between physical and emotional abuse with ADHD for girls and boys, respectively. Studies have generally reported associations in either gender and provide evidence for family influences in expressions of inattention exclusively in girls [25] . Our finding of significant interaction by sex in terms of levels of physical abuse indicates that associations with ADHD vary significantly by sex. This was evident on our stratified analyses, which is consistent with research highlighting different mechanisms and vulnerabilities underlying associations between maltreatment exposure and neurodevelopmental disorders by sex [26] . A recent study found significant gene × environment (G × E) interactions between dopamine transporter (DAT1) genotype and a general measure of maltreatment including physical abuse predicting severe ADHD, but only in girls [60] . Future studies should elucidate pathways on the effects of early maltreatment by sex, which would have implications for targeted evaluation and intervention. On this evidence, blanket treatment recommendations targeting boys and girls indiscriminately are unlikely to be effective. Future research should also examine potential differences in the longer-term patterns of comorbidity between boys and girls with ADHD who are exposed to early abuse (e.g. antisocial behaviours, self-harm).
Children in foster placement, ADHD and the role of attachment
We found robust associations between foster placement with ADHD diagnosis. The prevalence of ADHD among children who have been removed from their biological parent's home was twice as large as that among children who have not been removed. This is consistent with studies that show children in foster care frequently present symptoms of ADHD and other externalizing disorders [13] . These children may be more difficult to care for, and more vulnerable to being maltreated, which may lead to being taken into care. But it is also conceivable that the experience of being removed from home and placed in foster care will be sufficiently stressful for the child to exhibit symptoms that may be related or resemble ADHD (e.g. hypervigilance), which can be independent of any maltreatment or adverse experiences preceding the foster placement. Whilst there are studies relating reasons for placement with specific symptoms, or to specific diagnostic groups [61] , very few studies have addressed the possible traumatic impact of the removal experience itself. Indeed, we found the effect of foster placement to be independent of the effect of different types of maltreatments that were studied, as models adjusting for the different types of maltreatment show an independent contribution of foster placement to ADHD. Also, there was no association between specific type of maltreatment and removal from home in our study, which may be related to the youths' and authorities' discrepant perceptions of maltreatment and abuse. Discrepancies related to reasons for removal of a child from home have been found amongst professionals in agencies involved in child welfare [62] . Meanwhile, the child's perspective on the necessity for removal is seldom considered [63] . Nonetheless, conduct disorder (CD) explained a sizeable portion of the variance in models for foster placement, an indication of a potentially non-random process in which those most challenging children were taken into foster care in our sample.
Children in care often present with early-disrupted attachments. In attachment theory, young children establish bonds with their caregivers as a survival instinct, pursuing safety from their mothers during times of stress [64] . Its disruption is associated with clinical presentations of uncontrolled emotional displays and patterns of behaviour and developmental difficulties [65] , including cognitive and symptoms typically observed amongst young persons with social communication difficulties, inattention and impulsivity [65, 66] . For instance, evidence from the English and Romanian Adoptees (ERA) study [67] , in which children were exposed to extreme early deprived environments, shows they often presented with an ADHD-like syndrome or would meet criteria for ADHD, with some having received stimulant medication treatment [66] . Research shows overlap between attachment disorders and ADHD, with a likely increase in the risk for each other [65] . The most recent findings from the ERA study showed that young adults who had experienced a high level of early deprivation were over seven times more likely to meet criteria for an ADHD-like disorder, persisting into adulthood. Their results also suggest enduring alterations to brain structure and function [68] . The potential presence of issues of attachment in the children of our sample should be considered in examining the present results, as this was not directly measured in the study's original design.
Family environment and genetic influences
Family-level and psychiatric covariates, including parental psychopathology, psychiatric comorbidity and ADHD medication status, did not explain the observed associations between maltreatment and ADHD. Nevertheless, it is plausible that parents who have difficulties with impulse control associated with ADHD symptoms are likely to engage in harsh parenting practices-that may exacerbate their children's disruptive behaviours-whilst also passing on genes that may render their offspring more vulnerable for developing ADHD. This refers to gene-environment correlation (GE r ). Thus, we attempted to account for a portion of the rGE by adjusting our models for the presence of any parental psychiatric morbidity. However, this needs to be directly addressed in future research in this area. Evidence suggests the interplay between environment and candidate genes may explain variance in ADHD outcome, with maltreatment leading to the development of ADHD symptoms through interactions with MAOA [53] and DAT2 [60] . Interactions between exposure to abuse and candidate genes are well established for CD and other disruptive disorders, but remain understudied in ADHD.
Limitations
The present findings should be interpreted in light of several limitations. First, although we accounted in our models for combining datasets from two sites based on a similar ethnic group, some unexplained variance might be present in estimates. Second, it remains unclear whether these findings may be fully generalizable to children from other ethnic groups beyond Puerto Ricans. Third, the criteria for ADHD diagnosis were based on DSM-IV. This is a sample with a high prevalence of ADHD, and transforming algorithms, such as modifying age of onset criterion, would have likely increased this rate and we opted to be conservative. Also, we did not use alternative (e.g. teacher) reports as part of the assessment of ADHD, which is a necessary criterion for clinical diagnosis (i.e. pervasiveness). Nevertheless, recent findings from a study by experts in the field reported that parental and teacher reports of symptoms do not differ statistically and produce comparable diagnostic accuracy [69] . Fourth, maltreatment was self-reported by children, and this approach entails the limitations inherent to self-reportrecall bias is unaccounted for and may have been a factor in measures of abuse. However, the study used a well-validated instrument used in MECA studies, and we believe this is an improvement over more common approaches that are based on parent's reports.
ADHD is well known for its comorbidity with most psychiatric disorders. The decision to focus on CD and on PTSD in the present research was twofold. Firstly, because early trauma and maltreatment are risk factors for CD, and especially PTSD, these were selected as covariates of interest when examining that ADHD may have an independent association with the same family-environment exposures. Secondly, the prevalence for other psychiatric covariates such as anxiety disorders, depression, psychosis and substance use disorders was very low in this sample, especially on wave 1. There would not have been sufficient power to detect statistical differences for these other comorbidities.
Conclusions
Children who are exposed to maltreatment and adversity, particularly emotional abuse and children placed in foster care, have increased likelihood of ADHD. Different types of maltreatments increase the likelihood of ADHD for girls and boys. Specifically, physical abuse seems more closely associated with ADHD in girls, in contrast to emotional abuse in boys. Finally, increased exposure to maltreatment across time raised the probability that ADHD symptoms would persist. The findings point to the importance of identifying families at risk for maltreatment and/or clarifying any abuse history in the family, and may indicate a potential protective role of early intervention and parent training for an adverse trajectory of ADHD. In addition, child-protective service agencies should seek to reduce the negative impact of foster placement on children's mental health and risk of ADHD. Moreover, our findings provide further support for the view that sex differences are relevant to the etiology, course and development of ADHD and require further attention by clinicians during assessment, formulation and intervention.
